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Medical Records
As regards the general medical record, most people at the present time would probably agree that recording the complete narrative medical history of the patient in the computer as a routine clinical service is neither feasible nor economic. However, partial data acquisition and retrieval systems are widely in use and record-keeping in certain circumscribed areas seems highly desirable.
In the anesthetic field, Hagelsten and his coworkers have developed a programme for an:sthetic records. The information collected may be divided into five main groups: (1) General information: registration, anesthetist, surgeon, type of operation.
(2) Pre-operative state: existing disease entities, &c. (3) Type of anesthetic. (4) Course of the anmsthetic procedure. (5) Complications during and following anesthetic.
In such schemes a problem usually arises as to how the necessary information is introduced into the system. Machine-readable proformas filled up at the time of operation and sequentially in the post-operative phase would amply repay the effort involved by the value of the information derived.
Signal Analysis
Various approaches have been made to the analysis of the ECG, associated with the names of Pipberger (1965) and Caceres (1966) . The shape of the ECG waveform is first stored in the computer as a series of ordinates, separated by time intervals of about 0 005 second. By means of appropriate mathematical calculations, every amplitude in the ECG tracing such as the height of the P, QRS, and T wave, the shape of the ST segment, duration of the P, PR, QRS, and T intervals, &c., are measured in the computer. Analysis of these measurements in comparisons of those from ECGs in which the diagnosis is known allows the diagnostic probabilities in the new record to be assessed.
For this purpose, records were first selected from a large ECG library, cases being chosen only when good clinical and post-mortem findings were available. By statistical analysis, false classifications in the library were gradually minimized.
Stark, at the Massachusetts Institute of Technology, working with a group of hospitals in Boston, has reported how a diagnosis may be selected from nineteen arrhythmias and twentyfive morphological conditions. Factors such as age, height, weight, sex and ECG-related drugs are included in arriving at the diagnosis (Stark et al. 1965 ). These systems may be 'on-line' with a local hospital and the ECG technician may communicate with the computer. The result is returned to the hospital within five minutes while the actual computation is effected in less than half this time.
Many comparisons have been made between conventional and machine assessment. Pipberger reported a series of 134 old myocardial infarcts which had occurred a year or more prior to reassessment. Conventional twelve-lead interpretation, by eye, showed evidence of the infarct in 70 % of cases. The computer diagnosed infarction in all cases.
Acute Care Work
The extension of ECG analysis to the care of the coronary case is obvious. Caceres has recently done the analysis every three and a half seconds over a fourteen-hour period and detailed variations can be plotted more or less continuously.
In this country, work is proceeding (Sayers, vide infra) on the possibility of prediction from signal analysis and clearly measurement of trends may well provide earlier warning of impending complications. In the more general sense of postoperative care, an example is during the recovery of a patient following intracardiac surgery. In the author's experience, it is customary to record for periods of up to twenty-four hours a number of factors which directly assist management and Section ofAncesthetics 755 treatment. Thus blood loss is measured and blood replacement effected in amounts which are related to the central venous pressure. Continuous watch is kept on the systolic and diastolic blood pressure while intermittent determinations of arteriovenous oxygen saturation difference give an indication of cardiac output. In this connexion it may be noted that at least four special purpose computers are commercially available for immediate presentation of cardiac output, using dye dilution methods. Respiratory and metabolic exchange is assessed from measurements of blood pH, PCO2, P02 and standard bicarbonate. Continuous temperature recordings are useful in patients recovering from profound hypothermia. Updating a chart with all this information every quarter or half hour by hand throughout the night is extremely arduous. Computer technology would allow the whole chartgraphs,.words, figures, histograms, &c.to be printed out automatically as the information is generated, whilst the crosscorrelation of many simultaneous records in real time might well yield trends which indicated earlier or better patient care.
Respiratory Physiology
Many studies have been carried out in respiratory physiology as regards the mechanics of breathing and the regulation mechanisms of respiration. One of the earlier investigations (Grodins et al. 1954 ) used the level of tissue carbon dioxide as the quantity which was being regulated and the response of this regulator to inhalation of carbon dioxide was investigated. Defares extended this model to include the role of cerebral blood flow when carbon dioxide was inhaled (Defares et al. 1960 ).
Respiratory sinus arrhythmia was investigated by Clynes (1962) whilst Horgan & Lange (1962) have examined the phenomena of periodic breathing following hyperventilation. More recently Milhorn & Guyton (1965) have extended these studies by adding further factors for circulation time and ventilatory dead space. Attention has been paid to the mechanical properties of the lung by McWilliam & Adams (1963) and by Saul et al. (1966) , whilst the application of computer methods in patients recovering from cardiac surgery has been discussed by Osborn etal. (1963) .
Automation of carbon dioxide response curves has been described by Bellville & Seed (1959) and extended by Murphy (1966) .
Simulation Studies
Simulations of parts of the physiological system consist of making mathematical models which describe these parts and can give further insight into their operation. For example, Maloney et al. (1963) have investigated the distribution of the 41 major components of blood within the plasma and erythrocytes and their equilibrium with alveolar gases. The model yields very accurate predictions of response to changes in the system.
Again various studies on the uptake, distribution and elimination of drugs (Taylor & Weigand 1962) and anwsthetic agents have been aided by computer analysis (Mapleson 1964). Education and the Computer Thornton (vide infra) has considered the use of the analogue computer in the education of the anesthetist. In the more general sense it may be claimed that within the hospital service a gap exists at present between medicine on the one hand and science and technology on the other. It normally takes some eight years from graduation to train a consultant surgeon and perhaps rather less for an antsthetist. It is possible in a comparable time to train a medical-scientific consultant at a suitably advanced level.
One is reminded of the dance where the dates were arranged by a computer and one girl was asked what it was like. She said: 'It's a frightening experience finding out just what you deserve.' I think that in the partnership between medicine and computing science, medicine will get what it deserves.
During the past three years, within the Department of Clinical Measurement at Westminster Hospital, senior registrars have been trained for consultant status. As part of this training they attend a full-time course for a year, at Imperial Collegea course ably run by Dr Sayers on the wide aspects of mathematics and engineering in medicine.
Learning to use a computer is far less important than the ability to analyse medical problems in a way that will require the use of these machines for a solution. This level of training will help to realize the potentialities of computer science in medicine and consultant posts are already becoming available within the Health Service. The classical approach to a discussion of computing apparatus starts by distinguishing between analogue and digital machines. In fact, hybrid and incremental computers are now in use which incorporate features of both types. Consider, first, conventional analogue computers. These utilize an analogy between the behaviour of a system which it is required to study and that of some other physical system which can be more conveniently set up in the laboratory; the laboratory systemthe analogue computercan be modified at will and the behaviour of its component parts investigated within the system in a way that cannot usually be matched by the restricted set of measurements usually possible on the real system. The analogue computer thus models the system of interest. The analogy utilized may allow a detailed correspondence in structure between the system modelled and the model; the reasons for setting up such a model would usually be to compute some variable which is unmeasurable in the real system or to acquire insight into behaviour of the known underlying mechanisms. This type of model may rely on a direct physical parallel of the real system or may utilize the mathematical expression of such a physical parallel. The latter is very convenient, since analogue-conmputing elements have been available for some time in a form which allows mechanical or electrical realization of those kinds of mathematical operations which described physical systems; physical and chemical systems, for example, behave in a way which is most compactly described by relations such as the dependence of rate of change of one or more factors on the magnitude of the same or other factors; the diffusion equation describing rates of concentration change in terms of concentration gradient is a typical example. Relations of more elaborate kinds, which often occur in the description of physiological and other systems with a physiochemical basis, generate the differential equations for the solution of which computers are required.
Electronic analogue computers are limited to equations of one independent variable -time -so that elaboration is needed to handle systems of a distributed kind in which both distance and time variables occur. In multi-tissue compartment studies of drug distribution, it cannot be presumed that an agent transported by the blood stream has an identical concentration at all sites in the circulation or a given tissue compartment at any instant of time: concentration varies with time at any one site and with location at any one time; both position and time are then essential independent variables. One type of analogue computer modified to meet this type of problem is the hybrid machinean analogue computer under automatic external control, which first provides the solution of the equations giving the concentration of the agent at various locations at the first instant after starting the experiment: solving these equations provides a new set of values from which a further set can be computed to describe all the concentrations at the next instant, and so on. The main requirement here is to arrange that the results for various locations should be noted and re-introduced as initial conditions for the next successive computation run. Simple logic circuits of a digital kind can be used for this purpose. However, much more elaborate co-operation between analogue and digital computers is nowadays possible and has been used for medical problems. It is unfortunate that the overall precision of analogue computers is limitedlargely by units like multipliers and nonlinear computing elements and by the difficulty of maintaining DC stability in a system set up to represent a physiological structure of realistic complexity.
Whereas it is a characteristic feature of analogue machines that the variables with which they deal are able to take up any value in a continuous range, the feature of the digital computer is that it deals with variables expressed in arithmetical terms using a sequence of digits to represent a given value of any variable. The magnitude of a continuously varying quantity must thus be converted to a sequence of sufficiently frequent samples expressed in arithmetical (digital) terms so that arithmetical (digital) operations may be done by computer. A digital computer of reasonable size can usually be programmed to do virtually all operations possible with an analogue machine, often with much greater speed and precision but with much less convenient adjustment by the experimenter. However, the digital computer can usually be set up in a very flexible fashion to do any of a much greater variety of
